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predetermined time after the detection of the vehicle crash. 




15 4 



CD 

CO 



00 

o 
> 



. , . ' 2340802 

SPECIHCATION 

TITLE OF THE INVENTION 

VEHICLE OCCUPANT PROTECTION SYSTEM 
TECHNICAL FIELD 

The present invention relates to a vehicle occupant protection system, 
and in particular to a vehicle occupant protection system which can reduce a 
deceleration acting upon a vehicle occupant at the time of a vehicle crash. 
BACKGROUND OF THE INVENTION 

In recent years, various proposals have been made in regard to 
automotive vehicle body structures to maximize the protection of vehicle 
occupants at the time of a vehicle crash. For instance, proposals have been made 
to minimize the deceleration of the part of the vehicle body occupied by vehicle 
occupants by properly selecting the deformation of the remaining part of the 
vehicle body, and preventing the former part of the vehicle body from deforming 
(see Japanese patent laid open publication No. 7-101354, for instance). 

When a vehicle occupant is restrained to the seat by a seat belt, the 
forward inertial force acting upon the vehicle occupant at the time of a vehicle 
crash starts rising only after the vehicle occupant is fully restrained by the seat 
belt. Because the seat belt inevitably has a certain resiliency, the deceleration 
acting on the vehicle occupant reaches a maximum level when the vehicle 
occupant is thrown forward, and the maximum elongation of the seat belt has 
occurred. The maximum level is higher as the forward movement of the vehicle 
occupant under the inertial force increases, and is known to substantially exceed 
the average deceleration of the vehicle body. Therefore, to minimize the impact 
which the vehicle occupant receives at the time of a vehicle crash, it is necessary 
to minimize the time delay in the rise in the deceleration of the vehicle occupant 
with respect to the deceleration of the vehicle body. 

However, it is generally impossible to integrally attach a vehicle 
occupant to a vehicle body, and is therefore difficult to reduce the deceleration of 
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the vehicle occupant in the case of small passenger cars which do not provide 
adequate deformation strokes of the parts of the vehicle body other than the part 
occupied by the vehicle occupant only with conventional approaches which 
essentially consist of attempts to reduce the deceleration of the passenger 
5 compartment by controlling the deformation mode of the vehicle body. 
TtRTFF STTMMARY O F THE INVENTION 

In view of such problems of the prior art, a primary object of the present 
invention is to provide a vehicle occupant protection system which allows the 
peak deceleration acting upon a vehicle occupant at the time of a vehicle crash to 
10 be minimized for a given deformation stroke of the vehicle body. 

A second object of the present invention is to provide a vehicle occupant 
protection system which allows the deceleration acting upon the vehicle occupant 
at the time of a vehicle crash to be spread over time so as to minimize the peak 
deceleration acting upon the vehicle occupant. 
15 A third object of the present invention is to provide a vehicle occupant 

protection system which allows the peak deceleration acting upon the vehicle 
occupant to be minimized even though the size of the vehicle body is limited. 

According to the present invention, these and objects can be 
accomplished by providing a vehicle occupant protection system, comprising: a 
20 seat which is fitted with a seat belt, and supported on a vehicle body so as to be 
slidable in a direction of an input crash load resulting from a vehicle crash; a 
sensor for detecting an occurrence of a vehicle crash; a first actuator for applying 
an acceleration of a same direction as the crash load upon detection of the vehicle 
crash to the seat relative to the vehicle body; and a second actuator for applying 
25 an acceleration of an opposite direction from the crash load with a prescribed 
time delay following the detection of the vehicle crash to the seat relative to the 
vehicle body. 

Thus, in case of a vehicle crash or other high deceleration situations, the 
seat is accelerated rearward upon the occurrence of a vehicle crash by the first 



actuator so that the restraining capability of the seat belt in restraining the vehicle 
occupant is enhanced by applying to the seat a deceleration higher than the 
vehicle body deceleration during an early phase of the vehicle crash. Thereafter, 
an acceleration in the opposite direction is applied to the seat by the second 
actuator so that the forward inertial force acting on the vehicle occupant at the 
time of the vehicle crash is canceled, and the equalization of the decelerations of 
the vehicle body, the seat and the vehicle occupant is achieved in an early stage 
of the crash. 

The first and second actuators may each comprise a piston and cylinder 
assembly which is actuated by combustion of a propellant. The second actuator 
may also consist of a more passive actuator such as a brake or stopper which 
prevents movement of the seat relative to the vehicle body upon completion of an 
activation of the first actuator. Such a brake may be incorporated in the piston 
and cylinder assembly to prevent movement of the seat relative to the vehicle 
body upon completion of an activation of the piston and cylinder assembly . So as 
to achieve gradual change in the deceleration level of the vehicle occupant, and 
minimize the peak deceleration of the vehicle occupant, the stopper may include 
a buffering member which brings a rearward movement of the seat to a stop 
relative to the vehicle body with a certain cushioning stroke. 

The timings of the activation of the actuators may be determined by 
suitable calculations and simulations. In general, the activation of the first 
actuator should occur as soon as possible after the occurrence of a vehicle crash. 
If desired, a certain prediction arrangement may be made so that the occurrence 
of a vehicle crash may be predicted before the actual occurrence, and the 
activation of the first actuator may be initiated with a certain head start. The 
activation of the second actuator may be timed with a time period required for the 
seat belt to become effective in restraining a vehicle occupant in the seat 
following the occurrence of a vehicle crash. 
BRIEF DESCRIPTION OF THE DRAWINGS 



Now the present invention is described in the following with reference to 
the appended drawings, in which: 

Figure 1 is a schematic view of a vehicle body embodying the present 
invention; 

Figure 2 is a partly broken away perspective view of an essential part of 
the system of the present invention; 

Figures 3a to 3c are diagrammatic views showing the process of a vehicle 

crash; 

Figure 4 is a graph showing the time histories of deceleration; 

Figure 5 is a schematic longitudinal sectional view of another 
embodiment of the present invention; and 

Figures 6a to 6c are schematic longitudinal sectional views of yet another 
embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Figure 1 schematically illustrates a vehicle incorporated with a vehicle 
occupant protection system embodying the present invention. To restrain 
movement of a vehicle occupant 2 with respect to a seat 1, the seat 1 is fitted with 
a seat belt 3. The seat 1 is mounted on a support base 6 slidably engaged by guide 
rails 5 as illustrated in Figure 2 so as to be moveable over a certain distance along 
the fore-and-aft direction of the vehicle with respect to a floor 4 defining a 
passenger compartment of the vehicle body. 

Under the seat 1 is disposed a first actuator 7 for producing a drive force 
for moving the seat 1, along with the support base 6, rearwardly along the guide 
rails 5. As also shown in Figure 2, the first actuator 7 consists of a piston and 
cylinder assembly which comprises a cylinder 8 fixedly attached to the floor 4, a 
piston 9 slidably received in the cylinder 8, a piston rod 11 connecting the 
support base 6 and the piston 9 with each other, and a gas generator 12 serving as 
energy storing means for producing high pressure gas and applying a drive force 
to the piston 9. In this embodiment, the cylinder 8 has a laterally elongated cross 
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section, but may also consist of a more conventional cylinder having a circular 
cross section. 

The gas generator 12 is electrically connected to a control unit 13, and 
can produce, high pressure combustion gas by igniting a propellant received 
5 therein with electric current from the control unit 13. The control unit 13 supplies 
ignition current to the gas generator 12 upon detecting a vehicle crash from a 
signal of a deceleration sensor 14 placed in a suitable part of the vehicle body. 
Preferably, the deceleration sensor 14 is installed in a relatively forward end of 
the vehicle body so that an occurrence of a vehicle crash may be detected 
10 substantially without any time delay. 

The power source in this case consists of a propellant received in the gas 
generator 12 which produces a high pressure combustion gas upon ignition, but 
may also consist of other known power sources such as springs of various 
configurations. 

15 Behind the seat 1 is disposed a second actuator 15 which may have a 

substantially identical structure as the first actuator 7. The second actuator 15 is 
designed to produce a drive force for pushing back the support base 6 after it has 
been moved rearward by the drive force of the first actuator 7, and is normally in 
an extended state as opposed to the first actuator 7 which is normally in a 

20 retracted state. The gas generator of the second actuator 15 is also electrically 
connected to the control unit 13 so as to be activated with a prescribed time delay 
following the activation of the first actuator 7. 

Now the mode of operation of the system of the present invention is 
described in the following with respect to a case of a frontal crash onto a fixed 

25 structure on the road with reference to Figures 3 and 4. 

Upon the occurrence of a vehicle crash, a side beam 16 which is integral 
with the floor 4 and extends in the forward direction starts a compressive 
deformation under an impact load applied to the front end thereof. The side beam 
16 is typically provided along each side of the vehicle body although only one of 
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them is shown in the drawings. At this time, the floor 4 continues to move 
forward by a stroke accommodated by the compression of the side beam 16 while 
receiving a deceleration due to the deformation stress produced in the side beam 

16. i 

5 ■ If the control unit 13 judges that the vehicle occupant protection system 

should be activated according to the signal from the deceleration sensor 14, 
electric current is supplied to the gas generator 12 to ignite the high pressure gas 
therein. As a result, the high pressure gas produced from the gas generator 12 is 
supplied to the bottom end of the cylinder 8. 

10 As the piston 9 is pushed out under the pressure of the gas, the support 

base 6 connected to the piston 9 via the piston rod 11, hence the seat 1, is 
subjected to a rearward acceleration or an acceleration in the direction of the 
crash impact load, and the seat 1 starts moving rearward with respect to the floor 
4. Therefore, the seat 1 is subjected to a deceleration which is given as a sum of a 

15 first deceleration due to the crash of the vehicle body and a second acceleration 
due to the rearward force which is applied by the first actuator 7 to the seat 1. The 
first actuator is attached to the vehicle body while the seat 1 is slidably mounted 
to the vehicle body. In other words, a deceleration of a higher level than that 
applied to the floor 4 or the passenger compartment of the vehicle body is applied 

20 to the seat 1 (interval a of Figure 4). 

At same time, the pressure of the first actuator 7 causes the piston rod of 
the second actuator 15 to be retracted. During the above described process, the 
vehicle occupant 2 is initially moved forward under the inertial force with respect 
to the vehicle body which is brought to a stop by the crash. But, because the seat 

25 1 is subjected to a rearward acceleration immediately after the crash, the vehicle 
occupant is instantaneously restrained to the seat 1 by the seat belt 3 which is 
integral with the seat 1, without producing any relatively speed between the 
vehicle occupant 2 and the floor 4 (Figure 3a), in spite of a certain resiliency 
present in the seat belt 3. 



After a certain time delay following the supply of electric current to the 
gas generator 12 of the first actuator 7, the propellant of the second actuator 15 is 
ignited. Thus, the piston rod of the second actuator 15 which has been retracted 
under the pressure from the first actuator 7 is pushed out, and the seat 1 is 
accelerated in the forward direction with respect to the floor 4. This in effect 
reduces the deceleration acting of the seat 1 (interval b of Figure 4). Thus, the 
forward inertial force which has been acting on the vehicle occupant during an 
early phase of the crash is canceled (Figure 3b). The time delay in the activation 
of the second actuator 15 following the activation of the first actuator 7 should be 
determined according to the time required for the seat belt 3 to become effective 
in restraining the vehicle occupant 2. 

During a final phase of the crash, the deceleration of the seat 1 rises 
sharply upon completion of the operation of the two actuators 7 and 15 (interval c 
of Figure 4), and then continues to decelerate with the seat 1 integrally attached 
to the floor 4 at a deceleration level determined by the deformation stress of the 
side beam 16. Under this condition, the relative speed between the vehicle 
occupant 2 and the floor 4 is zero, and because the restraining load of the seat belt 
3 balances out with the vehicle body deceleration during the final phase of the 
crash, the vehicle occupant 2 continues to decelerate, integrally with the floor 4 
(Figure 3c). In other words, under this condition, the vehicle occupant 
deceleration is equal to the vehicle body deceleration until the vehicle body 
comes to a complete stop (interval d of Figure 4). 

It is an important factor to minimize the vehicle occupant deceleration in 
view of reducing the impact which is sustained by the vehicle occupant 2 at the 
time of a vehicle crash. However, the vehicle occupant deceleration can be 
reduced from the level of the prior art if the time history of deceleration is 
effected (as indicated by the solid lines in Figure 4) in such a manner that a 
deceleration which is higher than the average vehicle body deceleration is applied 
to the seat 1 and the seat belt 3 for a short period of time during an early phase of 
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a vehicle crash, and following a short interval of applying a reverse deceleration 
to the seat 1 and the seat belt 3, a same deceleration as the average vehicle body 
deceleration is applied to the seat 1 and the seat belt 3. In other words, the initial 
rapid deceleration of the vehicle occupant (interval a of Figure 4) contributes to 
5 ian earlier onset of application of deceleration to the vehicle occupant. In other 
words, the deceleration which is applied to the vehicle occupant is more spread in 
time than in the prior art, and the peak deceleration which the vehicle occupant 
experience can be minimized. The subsequent activation of the second actuator 
cancels the effect of the added deceleration on the vehicle occupant. Thus, for a 
10 given deformation stroke of the vehicle body, the vehicle occupant deceleration 
can be reduced from that of a vehicle not equipped with the system of the present 
invention as indicated by the broken lines in Figure 4. 

To enhance the effect of the present invention which was described 
above, it is preferable to suitably select the mechanical strength of the side beam 
15 16, the resilient property of the seat belt 3, the output properties and the ignition 
timings of the two actuators 7 and 15 and the displacement of the seat 1 so as to 
bring the relative speed between the vehicle occupant 2 and the floor 4 as close to 
zero as possible, and to balance out the restraining load of the seat belt 3 with the 
vehicle body deceleration during the final phase of the crash when the relative 
20 speed between the seat 1 and the floor 4 is reduced to zero and the deceleration 
levels of these two parts have been brought equal to each other. 

Figure 5 shows another embodiment of the present invention. A piston 
brake 20 is provided on the top end of the cylinder 8 so as to restrict the 
movement of the piston 9. The piston brake 20 in this case consists of members 
each having a wedge-shaped cross section installed on the inner circumferential 
surface of the cylinder 8. This wedge-shaped piston brake 20 produces a reaction 
load by virtue of a plastic deformation caused by the pressure from the piston 9 as 
the piston 9 moves from the bottom end to the top end under the pressure from 
the gas. This reaction load decelerates the piston 9, and hence the seat 1. This in 
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effect accelerates the seat 1 in the forward direction with respect to the floor 4 
(interval b in Figure 4). Thus, the piston brake 20 performs the same function as 
the second actuator 15 of the first embodiment. 

Figure 6 shows yet another embodiment of the present invention. In this 
case, instead of using the piston brake 20 installed in the cylinder 8, a stopper 21 
is provided on the floor 4 for restricting the rearward movement of the seat 1. 
This stopper 21 comprises a plastic member which is adapted to compressively 
deform toward a rigid projection formed integrally with the floor 4. Thus, as 
piston 9 on the bottom end under the pressure of the gas, the stopper 21 
undergoes a plastic deformation under the pressure from the seat supporting base 
6, and produces a reaction load. This reaction load decelerates the piston 9 in a 
similar fashion as the above described embodiments. Thus, the stopper 21 
performs the same function as the second actuator 15 of the first embodiment. 

Thus, according to the present invention, because the seat fitted with a 
seat belt is accelerated by the first actuator in the direction of the application of 
the impact load during an early phase of a vehicle crash so as to produce a 
deceleration higher than the vehicle body deceleration, and a reverse acceleration 
is then produced in the seat and the seat belt by the second actuator so as to 
cancel the inertial force of the vehicle occupant who is thrown forward and 
equalize the decelerations of the vehicle body, the seat and the vehicle occupant, 
it has been made possible to produce a desired time history of deceleration in the 
seat and the seat belt so as to reduce the peak of the vehicle occupant deceleration 
for a given deformation stroke as compared to the prior art Furthermore, because 
the displacement of the vehicle occupant inside the passenger compartment can 
be minimized, the risk of the vehicle occupant sustaining an injury from a 
secondary impact upon a fixed structure of the passenger compartment can be 
reduced. 

Although the present invention has been described in terms of preferred 
embodiments thereof, it is obvious to a person skilled in the art that various 
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alterations and modifications aie possible without departing from the scope of 
present invention which is set forth in the appended claims. 



CLAIMS 



1. A vehicle occupant protection system, comprising: 

a seat which is fitted with a seat belt, and supported on a vehicle body so 
as to be slidable in a direction of an input crash load resulting from a vehicle 
crash; 

a sensor for detecting an occurrence of a vehicle crash; 

a first actuator for applying an acceleration of a same direction as said 
crash load upon detection of said vehicle crash to said seat relative to said vehicle 
body; and 

a second actuator for applying an acceleration of an opposite direction 
from said crash load with a prescribed time delay following the detection of said 
vehicle crash to said seat relative to said vehicle body. 

2. A vehicle occupant protection system according to claim 1, wherein said 
first actuator comprises a piston and cylinder assembly which is actuated by 
combustion of a propellant. 

3. A vehicle occupant protection system according to claim 1, wherein said 
second actuator comprises a piston and cylinder assembly which is actuated by 
combustion of a propellant. 

4. A vehicle occupant protection system according to claim 1, wherein said 
second actuator comprises a brake which prevents movement of said seat relative 
to said vehicle body upon completion of an activation of said first actuator. 

5. A vehicle occupant protection system according to claim 2, wherein said 
second actuator comprises a brake which is incorporated in said piston and 
cylinder assembly to prevent movement of said seat relative to said vehicle body 
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upon completion of an activation of said piston and cylinder assembly. 

6. A vehicle occupant protection system according to claim 1, wherein said 
second actuator comprises a stopper which prevents movement of said seat 

5 :;. relative to said vehicle body upon completion of an activation of said first 
actuator. 

7. A vehicle occupant protection system according to claim 6, wherein said 
stopper includes a buffering member which brings a rearward movement of said 

10 seat to a stop relative to said vehicle body with a certain cushioning stroke. 

8. A vehicle occupant protection system according to claim 1, wherein said 
time delay correspond to a time period required for the seat belt to become 
effective in restraining a vehicle occupant in said seat following the occurrence of 

15 a vehicle crash. 
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